Abstract. The results demonstrate that the effect of elasticity in plastic zone on elastic-plastic fields is remarkable in many cases, while elastic volume deformation in plastic zone generally has been omitted in the solution procedures of the classical plastic theory due to the mathematic problems. The analytical results are further validated by finite element analyses, and it is concluded that the analogy results are physically more reasonable, especially in the existence of considerable hydrostatic stress.
Introduction
Most elastic-plastic solutions are based on the deformation theory of plasticity or the non-linear elasticity theory. However, to obtain the analytical solutions even for elastic-plastic plane strain problems is generally very difficulty. One problem is that the elastic-plastic constitutive law usually depends on out-of-plane stress 33 σ in a complicated manner and its elimination is not easy as reported [1] . Elastic deformation in elastic-plastic problems was taken into account have been reported [2] , but the solution procedures and the expressions are general too complicated. For most relatively complex problems, such as elastic-plastic crack tip fields, the incompressible or full plastic assumption has been are employed to simplify the constitutive law. So it is assumed that 5 . 0 ) /( 22 11 33 = + σ σ σ in plastic zone [3] [4] [5] [6] [7] , and ν σ σ σ = + ) /( 22 11 33 in elastic zone (where 33 σ is out-of-plane stress, 22 11 , σ σ are in-plane stresses, andν is Poisson's ratio). However, the incompressible or full plastic results are the limited cases of real elastic-plastic fields, and they are applicable only on the condition that mean stresses are comparatively very low. The effect of elasticity in elastic-plastic crack-tip fields was reported [8] [9] [10] [11] , but in general, the error due to the incompressible or full plastic assumption is unclear. The current study focuses on investigating the effect of elasticity in plastic zone on elastic-plastic fields.
Simplification of Plane Strain Elastic-Plastic Problems
Elastic-plastic plane strain problems for the deformation theory of plasticity are considered. For simplification, the bi-linear elastic-plastic model is studied. The stress-strain relation in multiaxial stress state is in the form of 
In this case, the out-plane stress is
The crack tip solution by employing Eq. (2) was reported [9] . Moreover, if the first two elastic terms are omitted ( i.e. 0 = e j i ε ;
), the full plastic constitution is obtained, 
(5) The bi-linear crack tip solution by employing incompressible model of Eq. (4) was reported by Hutionson [3] . The full plastic model assumes that elastic strain is zero and plastic strain is the total strain, and also that materials are incompressible.
The cases for bi-linear materials are discussed above. Similarly, the crack tip solutions for power-law materials by employing incompressible model were also reported by many literatures [3] [4] [5] [6] [7] .
The Out-plane Stresses of Plane Strain Elastic-Plastic Problems
For plane strain elastic-plastic problems, the constitutive law usually depends on 3 σ in a complicated manner and its elimination is not equally easy [1] . Generally, in elastic-plastic condition, out-of-plane stresses should be 
By substituting Eq. (6) into (7), a relation between e σ and ν e p is obtained, 
So a general relation between e σ and ν e p were obtained [11] , it can be rewritten as 
The deflections of effective stresses e σ due to the incompressible assumption are also remarkable. Substituting Eq. (10) into Eq. (8), we get the distributions of effective stresses. For a typical case, 0 . 1
, the values of e σ are plotted in Fig. 2 . 
Concluding Remark
The present analysis is limited to the deformation plasticity theory (or the non-linear elasticity). This work investigates the basic issues in the classical plasticity because it is very difficult to get an analytical solution if the volume deformation related to hydrostatic stress were not omitted in its solution procedure.
Some results of elastic-plastic plane strain problems are presented. It is concluded that the elastic volume deformation developed in the so-called plastic zone is important to failure mechanism in many cases, and further theoretical study is needed so as to develop the scheme for establishing more convincing methodology to obtain the real elastic-plastic fields.
